Abstract Previous in vivo and in vitro studies have shown that Akt1 serves as a crucial regulator of vascular maturation, extracellular matrix composition, and angiogenesis in tumors. Hence, we hypothesized that Akt1 may be necessary for other angiogenesis-dependent processes, including wound healing. Using Akt1 -/-and Akt2 -/-mice, we demonstrate that deficiency of Akt1, but not Akt2, results in impaired assembly of collagen in skin wounds and around the blood vessels. Wounds in Akt1 -/-mice, but not in Akt2 -/-mice, were characterized by reduced vascular area as well as impaired vascular maturation as evidenced by reduced smooth muscle cell recruitment.
Introduction
Tissue response to injury is an evolutionally developed defense mechanism consisting of several interdependent stages. It is initiated by blood clotting, followed by recruitment of inflammatory cells, migration of fibroblasts into the affected area, cell proliferation and matrix deposition, sprouting of blood vessels, re-epithelialization, and, finally, wound closure [21, 32] . The concerted efforts of numerous cell types are dramatically influenced by a robust inflammatory response involving neutrophils, macrophages, and mast cells migrating into the wounded area, from nearby tissues as well as from blood [22] . Besides their antibacterial response, macrophages are known to secrete proteases needed for the degradation of matrix and the regulation of cell migration to the affected area [15] . In addition, macrophages are also known to release a number of growth factors and cytokines, thereby initiating activation of endothelial cells leading to the formation of new capillaries [22] . Angiogenesis and the restoration of blood supply is considered to be a time-limiting factor during wound healing [23] . This response is followed by fibroblast invasion leading to wound granulation [12] . Finally, after a brief lag period, keratinocytes migrate into the area undergoing extensive remodeling, thus enhancing closure of wounds [32] .
Undoubtedly, the process of wound healing is regulated at multiple levels, including activation of intracellular signaling events. One of the most common pathways activated in numerous cells during inflammation, angiogenesis, and the general response to growth factors is PI3 kinase/Akt signaling [20, 34] . The PI3 kinase/Akt axis is known to be activated by several stimuli [30, 34] and Akt-mediated phosphorylation of its downstream targets influences multiple cellular responses. It is known to modulate angiogenesis and tissue remodeling during embryogenesis, ischemia, tumor growth, and myocardial infarction [34] . About 9,000 substrates have been proposed for Akt by computer modeling studies [11] , due to which Akt signaling appears to be quite complicated. To add to this complexity, Akt exists in three different isoforms, Akt1, Akt2, and Akt3, which are shown to be functionally nonredundant [34] . Activation of Akt has been implicated in various malignancies [5] . Considering the possible number of substrates that Akt can phosphorylate [11] , signaling pathways that are targeted for cancer treatment may either directly or indirectly involve Akt. Moreover, drugs targeting Akt and its downstream substrates such as mTOR are currently in clinical or preclinical trials for cancer therapies [24] .
The vast majority of therapeutics inhibiting angiogenesis or tumor progression causes complications in wound healing, thus endangering patients undergoing surgery [10] . Despite the magnitude of this problem, the underlying mechanisms of wound complications are far from being clear. Thus, a better understanding of the role of Akt signaling in wound angiogenesis, healing, and closure will help to increase the efficacy of therapeutic strategies while minimizing side effects.
At the cellular level, Akt regulates several cell types involved in wound healing, including endothelial cells [5, 35] , inflammatory cells [22] , fibroblasts [12, 35] , and keratinocytes [39] . Our previous study shows that Akt1, the predominant Akt isoform in endothelial cells, is important for the maturation of blood vessels and angiogenesis in tumors [4] . The defect in Akt1 -/-mice was associated with a defect in the assembly of extra-cellular matrix (ECM) in skin and vascular basement membrane [4] . While skin of Akt1 -/-mice exhibited impaired collagen assembly, blood vessels from tumors developed in Akt1 -/-mice were leaky as a result of decreased laminin in the vascular basement membrane [4] . Moreover, in vitro studies showed that fibronectin matrix assembly by Akt1 -/-fibroblasts is impaired compared to WT [35] . Thus, a series of skin and vascular abnormalities in Akt1 -/-mice suggest a possible role of Akt1 signaling in cutaneous wound healing. At the same time, studies using Akt2 -/-mice revealed that Akt2 is necessary for the development of adipose tissue and glucose metabolism [9] , but not for hypoxia-induced angiogenesis in vivo [4] . However, impaired collagen secretion and assembly in the absence of Akt1 [4] , that results in impaired skin development, is further aggravated in mice deficient in Akt1 and Akt2 [28] , thus suggesting that both Akt1 and Akt2 may be important in the process of wound healing.
To carefully dissect the role of Akt1 and Akt2 isoforms in the process of wound healing, we used previously generated Akt1
-/-and Akt2 -/-mice for a comparative study. Since the process of wound healing is complex, it is possible that Akt signaling might differentially regulate critical components of wound healing such as inflammatory and vascular responses. Thus, several essential steps of wound healing were monitored, including wound angiogenesis and vascular maturation, fibroblast invasion and proliferation, extra-cellular matrix assembly, and expression of growth factor VEGF. Our study showed that blood vessels in Akt1 -/-, but not Akt2 -/-, wounds were smaller in diameter and immature with decreased vascular area. However, despite impaired collagen matrix organization, reduced VEGF expression, and defective angiogenic response in Akt1 -/-wounds, no difference in overall rate of wound closure was observed. Results derived from this study may have implications in therapy for patients with postsurgery wound healing complications during various cancer treatment procedures.
Materials and methods

Animals
Akt1
-/-and Akt2 -/-mice, generated as previously described [3, 28] , were maintained in the 129 R1/C57BL/6 background. We used sex-and age-matched wild-type and Akt1
-/-and Akt2 -/-littermates for the study. The animals were 8-12 weeks of age at the start of the experiments and all procedures were approved by the Cleveland Clinic Institutional Animal Care and Use Committee.
Antibodies
Polyclonal rabbit anti-human vWF and monoclonal antia-smooth muscle actin/HRP were purchased from DakoCytomation (Glostrup, Denmark). Rat anti-mouse CD31 (PECAM-1) was purchased from BD Biosciences (Franklin Lakes, NJ). Anti-laminin antibody and b-actin antibodies were purchased from Sigma (St. Louis, MO). Rat antimouse F4/80 antigen is purchased from Serotec Immunological Excellence (Kidlington, Oxford). Anti-VEGF antibodies were from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-Akt and phosphoS473 Akt antibodies were purchased from Cell Signaling (Danvers, MA).
Wound healing model
Animals were anesthetized under a cocktail of ketamine (80 mg/kg) and xylanine (15 mg/kg). The animal backs were shaved and wiped with 30% isopropyl alcohol, and 15-mm incision skin wounds were made on 20-22 mice/ experiment by excising the skin and panniculus carnosus. The wounds were allowed to dry to form a scab. Animals were sacrificed by pentobarbital overdose, and wounds from all animals were harvested at 4 or 7 days after wounding. The wound dimensions were measured using calipers. An area of the wounds, including the complete epithelial margins 2 mm in width, was excised at each time point. A similar amount of skin from the backs of nonwounded sides was used as a control. Half of the wound tissue was fixed in 10% buffer formalin to process for the paraffin sections. The other half was immediately frozen in liquid nitrogen and stored at -80°C until used for tissue lyses for expression of growth factors.
Immunohistochemistry
Immunohistochemical staining was performed as previously described [4] . Paraffin sections were digested with 0.1% trypsin in PBS supplemented with 0.1% calcium chloride for 30 min at 37°C then were exposed to 3% hydrogen peroxide diluted in 0.02 M PBS (pH 7.4) for 5 min at room temperature to block endogenous peroxidase activity. Sections were incubated in a blocking solution containing 10% normal serum and 2% BSA for 1 h at room temperature. Primary antibody diluted with blocking solution was applied and incubated overnight at 4°C. After washing with PBS, the slides were treated with biotinylated secondary antibody and AB complex according to the manufacturer's protocol (Vector Laboratories, Burlingame, CA). The signal was visualized using 0.05% 3,3 0 -diaminobenzidine tetrahydrochloride (DAKO) in 0.05 M Tris buffer (pH 7.6) containing 0.003% hydrogen peroxide. Sections were counterstained with hematoxylin (Vector). A negative control was performed to ensure the specificity of peroxidase immunostaining by replacing primary antibody with nonimmune IgG.
Immunofluorescence staining was performed as described previously [4] . Briefly, frozen sections were fixed with methanol for 2 min. The nonspecific staining was blocked with 10% normal serum and 2% BSA for 1 h at room temperature. Primary antibody diluted at an appropriate concentration was applied and incubated overnight at 4°C. After washing with PBS, the slides were incubated with Alexa Fluor-labeled secondary antibody for 2 h at room temperature. The slides were mounted with medium (DakoCytomation) and images were taken by confocal microscope.
Western blot analysis
Cell lysates were prepared using lysis buffer (20 mM TrisHCl, pH 7.4; 1% Triton X-100, 3 mM EGTA, 5 mM EDTA, phosphatase inhibitors (10 mM sodium pyrophosphate, 5 mM sodium orthovanadate, 5 mM sodium fluoride, and 10 lM okadaic acid), protease inhibitor cocktail (Roche Diagnostics, Basel, Switzerland), and 1 mM PMSF. SDS-PAGE and Western blotting were performed as described previously [16] .
Image analysis
All stained sections were analyzed using a Leica microscope as previously described [4] . The representative areas were photographed by Image-Pro Plus program. The vascular density was quantified at 209 objective and expressed as vascular area per field based on lamininpositive vessels, SMA-positive vasculature, and vessels revealed by Masson's Trichrome staining, respectively. The macrophages were counted at 409 objective and expressed as the number of positive cells per field. Four fields were quantified for each section of control skin and wound skin from ten wild type and ten Akt1 -/-mice.
Enzyme-linked immunoassay (ELISA)
Assay for VEGF in WT and Akt1 -/-wound lysates was performed using ELISA Quantikine kit specific for mouse VEGF (R&D Biosystems, Minneapolis, MN). Assay was performed as per the manufacturer's protocol.
Statistical analysis
All the data are presented as means ± SD. We performed all the analyses using two-sample t-tests with a two-tailed distribution and the significance was set at 0.05 levels (marked with an asterisk wherever data is statistically significant).
Results
Impaired angiogenesis in wounds of
Our previous study showed that Akt1 is the predominant Akt isoform in endothelial cells where it accounts for *70% of the total Akt activity [4] . In the absence of Akt1, endothelial cells and fibroblasts exhibit impaired integrin activation, adhesion to extracellular matrix proteins, and cell migration in response to growth factors [35] . These studies demonstrating the importance of Akt1 in endothelial cells and fibroblasts prompted us to further delineate its role in wound angiogenesis. To this end, wounds were created on the backs of Akt1 -/-or Akt2 -/-mice along with WT controls. Since it generally takes *7-9 days to heal this type of wound, tissues were collected at the mid-stage as well as at the end of the healing process, i.e., at days 4 and 7. These tissues were stained for various endothelial/ blood vessel-specific markers.
As early as at day 4, staining of WT wounds for the blood vessel marker laminin showed *10-fold increase in vascular area compared to normal skin, reflecting a robust angiogenic response to injury (Fig. 1a, b) . This response was substantially blunted in Akt1 -/-wounds, showing *40% decrease in vascular area of injured tissues compared to WT (P = 0.0067) (Fig. 1a, b) . Most blood vessels formed in Akt1 -/-mice had a smaller diameter than those in WT (Fig. 1a) . In contrast to Akt1 -/-, no differences in vascular area were found between Akt2 -/-and WT mice (P = 0.57) (Fig. 1c) , thus showing that the absence of Akt2 does not affect wound angiogenesis.
Akt1, but not Akt2, deficiency results in matrix abnormalities in wound tissues
We previously showed that Akt1 is necessary for the secretion and assembly of collagen and fibronectin in skin and laminin within the basement membrane of blood vessels [4, 35] . Hence, we next analyzed the organization of collagen fibrils in WT, Akt1
-/-, and Akt2 -/-wounds using Masson's trichrome reagent which specifically stains skin collagen blue. Our analysis showed that while WT skin wound appears dense and tightly packed with well-organized collagen fibers, collagen matrix in Akt1 -/-skin wounds was abnormal, resulting in loose and distended skin (Fig. 2a) . The defect was apparent not only in wounded skin but also in the blood vessels and the area surrounding the vasculature in Akt1 -/-mice compared to WT (Fig. 2b) . -/-wounds (P \ 0.003) (Fig. 2a, c) . No abnormalities in collagen amount and organization as well as in vascular area were observed in wounds of Akt2 -/-mice, indicating the minimal role for this isoform in wound angiogenesis and healing (Fig. 2d) .
Impaired maturation is consistent with delayed angiogenesis in Akt1
-/-wounds Our previous studies in the tumor angiogenesis model in Akt1 -/-mice showed that Akt1 is necessary for the maturation of blood vessels [4] , suggesting that a similar defect might be also present in wound vasculature. Accordingly, we performed double fluorescence staining of wound tissues for a-smooth muscle cell actin (SMA, a marker for mature blood vessels) and CD31 (an endothelial marker). Figure 3a and b shows that a major portion of CD31-positive blood vessels in Akt1 -/-wounds were not stained for SMA. It is evident that an area of CD31-positive blood vessels in Akt1 -/-wounds was reduced to *65% of that of WT wounds. Likewise, the SMA-positive area in Akt1 -/-wounds was also reduced to *50% of that of WT (Fig. 3a, b) . Overall, *30% and *20% of blood vessels were SMA 
positive in WT and Akt1 -/-wounds, respectively, and the reduction in the number of mature blood vessels reflected slightly more than the overall reduced vascular area in Akt1 -/-wounds. Similar results were observed using SMA-stained paraffin sections of 4-day-old wounds where *2-fold decrease in SMA-positive blood vessels was observed in Akt1 -/-wounds compared to WT (P \ 0.005) (Fig. 3c, d ). We further extended our analysis to 7-day-old wounds. On day 7, Akt1 -/-wounds still exhibited lower numbers of SMA-positive blood vessels (*40% decrease) compared to WT (P \ 0.03) (Fig. 4a, b) . However, we found no difference in the overall SMA-positive blood vessel number in Akt2 -/-wounds compared to WT (Fig. 4c, d ).
Akt1 deficiency results in impaired infiltration of macrophages and reduced expression of VEGF in wound tissues
Many cell types including inflammatory cells, endothelial cells, and keratinocytes secrete VEGF under hypoxic conditions [6, 22] . Akt is an important candidate that regulates hypoxia-mediated expression of VEGF by these cells types [8] . Moreover, tumor cells are also known to secrete VEGF during hypoxia involving mammalian target of rapamycin (mTOR) and hypoxia inducible factor-a (HIF1a) pathway, which is directly under the control of Akt [8] . Since Akt1 is the major isoform of Akt in skin [4] , we hypothesized that deficiency of Akt1 would result in decreased expression of VEGF in Akt1 -/-skin wounds. Hence we sought to analyze the VEGF expression in wound tissues isolated from WT and Akt1 -/-mice. Western analysis of 4-day-old wound lysates showed that the expression of VEGF in Akt1 -/-wounds were reduced by approximately 40% compared to WT (Fig. 5a, b) . To specifically measure the amount of VEGF164 (most predominant VEGF isoform containing 164 amino acids) isoform of mouse VEGF in Akt1 -/-mouse skin wounds, we employed ELISA specific for mouse VEGF164. Our data show that deficiency of Akt1 in wounds resulted in [50% decrease in VEGF164 compared to WT (Fig. 5c) .
While the role of macrophages in angiogenesis and wound healing remains somewhat controversial, recent reports show that macrophages respond rapidly to injury and hypoxia resulting in secretion of growth factors, including VEGF, which, in turn, accelerates wound closure [21, 22] . Accordingly, we determined the number of macrophages infiltrated into wound area of WT and Akt1 -/-mice using staining for F4/80 antigen specific to macrophages. Macrophages were mostly distributed in the wound area and at the edges of wound between the layers of the epithelial cells and the muscles. The density of macrophages in Akt1 -/-wounds was *50% lower compared to that in WT (P = 0.0002) (Fig. 5d, e) . In Akt2 -/-mice, however, no defects in macrophage infiltration were observed, indicating that Akt1, but not Akt2, is essential for macrophage recruitment (Fig. 5d, f) . 
Delayed vascularization and impaired collagen assembly in Akt1
-/-wounds does not affect fibroblast migration and the rate of wound closure Based on the above-described defects in the decreased vascularization and impaired collagen assembly in wounds of Akt1 -/-mice, it is easy to predict that the overall process of wound healing would be impaired in Akt1 -/-mice. However, the measurements of wound size in WT, Akt1
-/-, and Akt2
-/-mice revealed no differences in wound closure among these groups. This surprising result prompted us to analyze the day-by-day kinetics of wound healing as well as the effect of aging on this process. In all the three groups, WT, Akt1 -/-, and Akt2 -/-mice, the process of wound healing was similar at the age of 2 months (Fig. 6a-c) . Likewise, no differences in wound closure were observed in 4-month-old Akt1 -/-mice compared to WT (Fig. 6a ). This analysis revealed that the absence of the Akt1 or Akt2 isoform in mice does not affect healing of wounds in vivo. Only a modest delay in wound closure on days 5 and 6 (data not significant) was observed in Akt2 -/-mice, which may be due to the previously reported delay in thrombus formation as a result of impaired platelet secretion [40] . In addition to blood supply, another important factor that determines the course of wound healing is the ability of fibroblasts to migrate to the wound area and perform the necessary tissue repair. Migration of fibroblasts on fibronectin is also impaired in the absence of Akt1 [35] . Since we did not observe a delay in wound closure in Akt1 -/-mice despite the impaired blood vessel maturation and macrophage infiltration, we determined whether fibroblast migration to the wound area is affected in Akt1 -/-mice. We stained WT and Akt1 -/-wound sections for vimentin, a marker for fibroblasts. Our analysis showed that migration of fibroblasts into the wound is not affected in Akt1 -/-mice (P = 0.072) (Fig. 6d, e) .
Discussion
Recent studies using cell culture-based and animal models conclusively showed that Akt, a major target downstream of PI3 kinase, is important for various angiogenesisdependent functions such as recovery from ischemia and tumor progression [4, 26, 34, 37] . To determine the role of Akt1 and Akt2 isoforms, two isoforms of Akt necessary for the normal development of skin [28] , in hypoxia-induced angiogenesis and cutaneous wound healing, we created wounds in WT, Akt1
-/-, and Akt2 -/-mice and analyzed the samples for key parameters known to be crucial for the process of wound healing in skin. Our study showed that deficiency of Akt1, but not Akt2, results in substantially diminished vascular area in wound tissues compared to WT. Impaired vascular response seems to be due to the reduced expression of VEGF, an endothelial-specific growth factor, in wounds of Akt1 -/-mice. Normal skin and wound areas in Akt1 -/-, but not Akt2 -/-, mice were characterized by impaired collagen assembly, compared to WT. Additionally, analysis of vascular maturation based on SMA staining indicated that Akt1, but not Akt2, is necessary for the maturation of blood vessels in wounds. Despite observed abnormalities in vascular density, vascular maturation, and assembly of collagen in the wound tissues in 
Akt1
-/-mice, the absence of either Akt1 or Akt2 did not have any effect on the rate of wound closure. Thus, in addition to the regulation of VEGF expression and, as a result, the process of angiogenesis, Akt1 appears to trigger alternative pathways in various cell types.
It is well established that Akt is activated upon stimulation by growth factors and cytokines [30] . Our previous studies have clearly documented that Akt is activated in endothelial cells and fibroblasts downstream of many growth factors such as VEGF, Fibroblast growth factor (FGF), and Insulinlike growth factor-1 (IGF-1) [35] . In addition to growth factors, interactions of integrins with extracellular matrix proteins also activate Akt in vascular cells as a result of outside-in signaling [35] . This activation of Akt is necessary for the cell survival and proliferation of endothelial cells and protection from 'anoikis' [30] . In addition, Akt activated by VEGF is involved in outside-in activation of integrins thus facilitating adhesion of endothelial cells and cancer cells to various matrix proteins [32, 35] . Thus, it is clear that Akt is an important signaling molecule activated downstream of VEGF in endothelial cells.
At the same time, ablation of Akt1 leads to diminished VEGF expression and reduced angiogenesis in the setting of ischemia [26] . However, when an exogenous source of VEGF, such as tumor xenografts is provided, angiogenesis is augmented in Akt1 -/-mice [4, 34] . Thus, it seems to be important to discriminate the role of Akt upstream of VEGF expression from its function as a signaling molecule downstream of VEGF. In this study, VEGF expression in wounds was triggered by tissue injury and hypoxia and VEGF levels in Akt1 -/-mice were substantially lower than that in WT mice. While tumor cells express VEGF necessary for the chemotaxis of endothelial cells into the growing tumor tissue, the process of wound angiogenesis is dependent on endogenously expressed VEGF produced by various cells, including macrophages and keratinocytes [13, 27] . Thus, inactivation of Akt causes inhibition of VEGF expression as has been reported by several groups [29, 33, 38, 41] . In turn, reduced VEGF levels seem to be responsible for defective angiogenesis in wounds of Akt1 -/-mice. Recent developments have implicated that Akt is necessary for the hypoxia-driven expression of VEGF by endothelial cells [18] , macrophages [13] , and keratinocytes [27] involving an mTOR and HIF1a signaling pathway [19] . Although mTOR does not regulate stabilization of HIF1a, it enhances its transcriptional ability through interaction of HIF1a with its associating protein 'raptor', suggesting that HIF1a is a direct substrate of mTORRaptor [17] . mTOR signaling is impaired in Akt1 knockout mice (P.R. Somanath and T.V. Byzova, unpublished observation), leading to diminished expression of VEGF in Akt1 -/-wound tissues. As a result, overall wound angiogenesis and maturation is diminished in Akt1 -/-mice. Reduced levels of VEGF in Akt1 -/-mice might be responsible for the defects in proliferation and integrindependent migration of endothelial cells. Importantly, Akt also mediates integrin activation and integrin-dependent adhesion and migration of endothelial cells and fibroblasts on various matrix proteins [4, 35] . Since endothelial cell migration represents an important event in angiogenesis, this mechanism, in addition to reduced VEGF levels, also contributes to diminished angiogenic response in Akt1 -/-wounds. Thus, in the settings of tissue injury, Akt pathway plays a triple role in integrin signaling: it controls the levels of integrin activator, VEGF, it determines VEGF-induced integrin activation and ligand binding and, finally, it is involved in post-ligand binding (outside-in) integrin signaling.
Integrin activity is crucial not only for adhesive and migratory properties of cells, but also for assembly of extracellular matrix proteins such as fibronectin, laminin, and collagen [2, 7, 35] . We have previously shown that impaired inside-out activation of a 5 b 1 integrin in mouse fibroblasts due to Akt1 deficiency resulted in impaired fibronectin matrix assembly in vitro [35] . This was corroborated with -/-skin and laminin in tumor blood vessels developed in Akt1 -/-mice [4] . Current study showed that collagen assembly is also impaired in Akt1 -/-wound tissues as compared to WT. Since laminin and collagen are integral components of the vascular basement membrane, impaired assembly of these matrix proteins might result in impaired vascular maturation. As evidenced by the reduced number of SMA positive blood vessels, maturation of blood vessels is compromised in Akt1 -/-wounds on both day 4 and day 7 after creation of wounds.
Extra-cellular matrix assembly is particularly important for the tissue remodeling upon injury [36] . Akt1 deficiency results in decreased heart size [3] and impaired tissue regeneration upon myocardial ischemia [25] . In contrast, constitutive activation of Akt pathway by expression of myrAkt1 in the heart results in cardiac hypertrophy and enhanced tissue regeneration [31] . Akt1 has also been shown to be important for tissue remodeling followed by hind-limb ischemia [1] . All of these pathological events are dependent on extracellular matrix remodeling and assembly [36] . This study also emphasized a crucial role of Akt signaling in regulation of extracellular matrix composition. Since extracellular matrix appears to be defective in Akt1
-/-wounds, we concluded that despite the normal wound closure, the process of wound healing is impaired in Akt1 -/-mice compared to WT. Due to the abnormal matrix composition, the scar tissue in Akt1 -/-mice might have quite different mechanical characteristics, which, in turn, will affect skin responses to further challenges. It is important to recognize that other events during wound healing, i.e., fibroblast and keratinocyte migration into the wound tissues are also dependent on the density or extracellular matrix and its degradation by the matrix metalloproteinases (MMPs) [32] . ''Loose'' collagen matrix in Akt1 -/-wounds effective migration of keratinocytes into the wound area, therefore, contributing to normalization of wound closure in Akt1 -/-mice despite defective angiogenesis.
A number of recent reports demonstrate that due to multiple possible effectors, manipulation of Akt activity might lead to unpredictable results in vivo [26, 31, 34] . It was shown that upregulation of Akt activity might lead either to increased or diminished angiogenic responses in tissues [26, 34] . At the same time, inhibition of Akt might also have opposite consequences on the vasculature: depending on the pathophysiological process involved, it might promote vascularization in vivo [4] or diminish it [26, 34] . While manipulating with the activity of multi-task signaling molecules such as Akt, it is essential to consider the diversity of its downstream targets and an array of functions it mediates in various different cell types.
Besides the development of tumor resistance [14] , antiangiogenic therapies suffer a major drawback due to numerous side effects and post-surgery wound healing complications [10] . Our present study suggests that even though Akt1 deficiency results in impaired vascular maturation and angiogenesis in cutaneous wounds, wound closure is normal due to effective migration of keratinocytes and fibroblasts into the Akt1 -/-wound area through the loose extracellular matrix. Hence, inhibition of Akt signaling upon use of Akt inhibitors for therapy in cancer patients should not cause serious wound healing complications. Since many procedures in clinical trials for anti-angiogenic therapy for cancer develop tumor resistance and wound healing complications, inhibition of Akt would be an ideal choice to avoid these complications while inhibiting angiogenesis and cancer progression without affecting the normal host tissue. Additionally, this will also overcome wound healing complications on treatments involving surgical procedures. Overall, the resulting effect of Akt ablation is dictated by a complex combination of several responses, often with counter-balancing effects in vivo and hence could be an effective therapeutical approach for various skin-related malignancies as well as in cosmetic surgery.
